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TABLE 1: AQUIFER PARAMETERS

NAME VALUE COMMENTS

Horizontal Hydraulic Conductivity: 7500.0 Meters/Day The hydraulic conductivities listed here
are calibrated within a data range

acquired from Fish & Stewart (1991).Vertical Hydraulic Conductivity: 7.5 Meters/Day

Anisotropy Ratio: 1000:1

Storativity:

SF1 (Layer 1): 1.0

SF1 (Layer 2-10):
-5

1.0 x 10

SF2 (All Layers): 0.2

Specific Yield: 0.2 Values acquired from Merritt (1996)

Porosity: 0.2 Values acquired from Merritt (1996)

Value is the Harmonic mean of the
Hydraulic Conductivity measured by

Harvey, & others (2000)
Peat Hydraulic Conductivity: 0.2405

The U.S. Geological Survey recently completed the development and calibration
of the Southern Inland and Coastal Systems (SICS) model, which simulates
overland flow within the Taylor Slough area and uses a flow term as a rough
approximation of groundwater leakage. The SICS model domain is bounded to
the north and west by Old Ingraham Highway, to the east by the C-111 canal, and to
the south by Florida Bay. The SICS model was calibrated to measured water
levels, coastal flows, and surface-water salinities for a 7-month period between
July 15, 1996 and February 28, 1997. The simulation period for the SICS model
was recently increased to 2 years, beginning July 16, 1996 and ending June 9,
1998.

To better quantify leakage between surface water and groundwater within the
SICS area, a preliminary groundwater flow and solute-transport model was
developed for the SICS model domain using the same grid. The groundwater
model simulates variable-density groundwater flow for the same 2-year period as
the SICS surface-water model. The SEAWAT code, which is a combined version
of MODFLOW and MT3D, was used for the simulations. The groundwater model
contains 10 layers, each 2.8-meters thick. General-head boundaries were
assigned to the perimeter of each layer in the model. Salinities for the general-
head boundaries were estimated from an airborne electrical resistivity survey of
the area. General-head boundaries also were applied to the top of the
groundwater model to represent surface water. Results from the SICS model were
used to assign spatially and temporally varying stages and salinities to the
overlying general-head boundaries. When cells in the SICS model were dry,
recharge and evapotranspiration were applied to the groundwater model cells.
Conductance values for the general-head boundaries were calculated using maps
of peat thickness and estimates of vertical hydraulic conductivity. Values for other
aquifer parameters, such as horizontal hydraulic conductivity, anisotropy ratio,
storativity, porosity, and dispersivity were obtained from the literature or estimated
through calibration.

Preliminary results from the model show good correlation with measured water
levels at three monitoring wells (Figure 1). Simulation results for 2 months, one in
the wet season and one in the dry season, show two apparent differences in
aquifer leakage. During the wet season (e.g. June 1997) (Figure 2), leakage is
downward, from the surface water into the aquifer. During the dry season (e.g.
November 1996) (Figure 3), most of the leakage is upward, from the aquifer into
the wetlands. Some variation from these trends has been observed along the
Buttonwood Embankment and near Taylor Slough Bridge, where aquifer recharge
and discharge respectively occur during most of the year.

Future plans for SICS modeling include (1) developing a fully integrated surface-
water and groundwater model using an explicit link between SWIFT2D and
SEAWAT to simulate leakage and the transfer of associated salt concentrations,
and (2) driving the integrated model with predictive results from the South Florida
Water Management District model.

ABSTRACT

INTRODUCTION:
Groundwater/ surface water interactions are a source of

uncertainty in numerical models in southern Florida. To determine
the extent of these interactions a preliminary integrated variable-
density flow and solute transport model was developed to quantify the
leakage between surface water and groundwater in the Taylor Slough
area (figure 1). The grid shown in figure 1 was used for the Southern
Inland and Coastal Systems (SICS) surface water model, which used
the model code SWIFT2D. In order to create an integrated flow
model the use of the exact same grid from the surface water model
was necessary for the groundwater portion of the model. Simulated
stage and concentration output from the SWIFT2D model run were
used as the initial inputs for the flow model, which used the variable-
density solute transport model code SEAWAT. The map shown also
depicts the locations of four coastal creeks, three groundwater wells,
three surface water monitoring sites, and three selected groundwater
model cells where simulated leakage values were calculated.
Figures 2-4 show the simulated surface water stages of the SWIFT2D
model run plotted with actual measured values at the monitoring
sites. The high level of correlation between these plots supports the
use of these results for the groundwater flow model. Figure 5 shows
the simulated concentration profile for one day of the surface water
model run.

FIGURE 1: TAYLOR SLOUGH WITH SICS MODEL GRID AREA
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FIGURE 2: SICS MODEL RESULTS AND MEASURED STAGES AT
CRAIGHEAD POND

Ju
n
-9

6

Ju
l-
9
6

A
u
g
-9

6

S
e
p
-9

6

O
ct

-9
6

N
o
v-

9
6

D
e
c-

9
6

Ja
n
-9

7

F
e
b
-9

7

M
a
r-

9
7

A
p
r-

9
7

M
a
y-

9
7

Ju
n
-9

7

Ju
l-
9
7

A
u
g
-9

7

S
e
p
-9

7

O
ct

-9
7

N
o
v-

9
7

D
e
c-

9
7

Ja
n
-9

8

F
e
b
-9

8

M
a
r-

9
8

A
p
r-

9
8

M
a
y-

9
8

Ju
n
-9

8

Ju
l-
9
8

DATE

-0.4

0.0

0.4

0.8

1.2

1.6

2.0

S
T
A

G
E

S
,I

N
F
E

E
T

M E A S U R E D

C O M P U T E D

FIGURE 3: SICS MODEL RESULTS AND MEASURED STAGES AT
EVER-7
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FIGURE 4: SICS MODEL RESULTS AND MEASURED STAGES AT
NP-127
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FIGURE 5: SICS SIMULATED CONCENTRATION
FOR OCTOBER 10,1996

MODELMODEL DESIGNDESIGN::
TheThe processprocess ofof designingdesigning thethe flowflow modelmodel ststartedarted withwith thethe setupsetup ofof thethe

modelmodel grid.grid. LayerLayer oneone ofof thethe grid,grid, whichwhich isis 148148 columnscolumns byby 9898 rows,rows, camecame
fromfrom thethe SICSSICS model.model. TTenen layerslayers werewere usedused inin thethe groundwatergroundwater flowflow modelmodel toto
betterbetter representrepresent thethe variablevariable densitydensity portionportion ofof thethe model.model. TheThe thicknessthickness ofof
eacheach layerslayers 2-102-10 werewere setset toto 3.23.2 meters,meters, basedbased uponupon thethe depthdepth ofof thethe
BiscayneBiscayne aquiferaquifer inin thethe modelmodel area.area. InactiveInactive cellscells delineatedelineate thethe bottombottom ofof thethe
BiscayneBiscayne aquiferaquifer andand areare shownshown inin graygray (figure(figure 6).6). TheThe landland surfacesurface elevationelevation
uponupon whichwhich thethe thicknessthickness ofof layerlayer oneone waswas basedbased isis alsoalso shownshown inin figurefigure 6.6.
OnceOnce thethe gridgrid waswas developed,developed, thethe hydraulichydraulic characteristicscharacteristics ofof thethe BiscayneBiscayne
aquiferaquifer werewere roughlyroughly approximatedapproximated andand areare listedlisted inin ttableable 1.1.

TheThe nextnext stepstep waswas toto useuse thethe simulatedsimulated ststagesages fromfrom thethe SICSSICS modelmodel asas
designateddesignated externalexternal generalgeneral headhead boundaryboundary conditionsconditions forfor layerlayer oneone ofof thethe
model.model. TheseThese ststagesages varyvary forfor eacheach dayday ofof thethe modelmodel runrun period,period, thereforetherefore
thethe generalgeneral headhead boundariesboundaries changechange fromfrom oneone stressstress periodperiod toto thethe next.next.
FigureFigure 77 showsshows thethe spspatialatial distributiondistribution ofof thethe generalgeneral headsheads forfor thethe firstfirst dayday ofof
thethe modelmodel run.run. TheThe openopen spspacesaces inin thethe figurefigure areare cellscells thatthat havehave gonegone drydry
duringduring thethe surfacesurface waterwater modelmodel run;run; aa netnet rechargerecharge termterm isis appliedapplied toto thesethese
cells.cells. AA schematicschematic thatthat showsshows howhow eithereither aa generalgeneral headhead boundaryboundary conditioncondition
oror aa netnet rechargerecharge termterm waswas appliedapplied toto eacheach cellcell inin thethe groundwatergroundwater modelmodel isis
shownshown inin figurefigure 8.8. DuringDuring thethe developmentdevelopment process,process, itit waswas discovereddiscovered thatthat aa
layerlayer ofof peatpeat inin thethe studystudy areaarea couldcould actact asas aa semi-confiningsemi-confining unit,unit, thereforetherefore thethe
designationdesignation ofof peatpeat thicknessthickness waswas necessarynecessary inin thethe model.model. UsingUsing fieldfield datdataa
thethe measuredmeasured thicknessthickness ofof peatpeat inin certcertainain locationslocations waswas kriggedkrigged overover thethe
entireentire modelmodel gridgrid areaarea (figure(figure 9).9). TheseThese interpolatedinterpolated valuesvalues andand thethe
harmonicharmonic meanmean ofof measuredmeasured verticalvertical hydraulichydraulic conductivitiesconductivities ofof thethe peatpeat
layerlayer werewere usedused toto calculatecalculate thethe verticalvertical hydraulichydraulic conductconductanceance forfor layerlayer one.one.

.

FIGURE 6: SICS AREA LAND SURFACE ELEVATION &
DELINEATION OF THE BOTTOM OF THE BISCAYNE AQUIFER

.

FIGURE 7: GENERAL HEAD BOUNDARY FOR
DAY ONE OF MODEL RUN
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FIGUREP E A T T H I C K N E S S P L O T W I T H I N S I C S D O M A I N9: CONTOUR PLOT OF PEAT THICKNESS IN MODEL DOMAIN

MODELMODEL RESULRESULTS:TS:
HEADS:HEADS:

TheThe resultresultss forfor thethe simulatedsimulated headsheads fromfrom thethe SEASEAWWAATT groundwatergroundwater
flowflow modelmodel areare shownshown inin FiguresFigures 1010 -- 13.13. FigureFigure 1010 displaysdisplays thethe modelmodel simulatedsimulated
headhead difdifferencesferences versusversus actualactual measuredmeasured headhead difdifferences.ferences. TheThe datdataa forfor thisthis plotplot
isis fromfrom headsheads measuredmeasured atat difdifferentferent timestimes andand fromfrom manymany locationslocations inin thethe TTayloraylor
SloughSlough area.area. FiguresFigures 111-131-13 displaydisplay thethe simulatedsimulated hydralichydralic headsheads fromfrom thethe modelmodel
runrun plottedplotted withwith thethe actualactual measuredmeasured waterwater levelslevels inin wellswells G-3353,G-3619,G-3353,G-3619, andand G-G-
1251.1251. WWellsells G-3353G-3353 andand G-3619G-3619 areare locatedlocated inin layerlayer oneone ofof thethe modelmodel andand wellwell G-G-
12511251 isis inin thethe thirdthird layerlayer.. TheThe locationslocations ofof thesethese wellswells areare shownshown inin FigureFigure 1.1. TheThe
plotplotss suggestsuggest thatthat thethe groundwatergroundwater modelmodel isis simulatingsimulating thethe hydraulichydraulic headsheads
closelyclosely atat thesethese locations.locations.
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MEASURED HEAD DIFFERENCE

Ju
n
-9

6

Ju
l-
9
6

A
u
g
-9

6

S
e
p
-9

6

O
ct

-9
6

N
o
v-

9
6

D
e
c-

9
6

Ja
n
-9

7

F
e
b
-9

7

M
a
r-

9
7

A
p
r-

9
7

M
a
y-

9
7

Ju
n
-9

7

Ju
l-
9
7

A
u
g
-9

7

S
e
p
-9

7

O
ct

-9
7

N
o
v-

9
7

D
e
c-

9
7

Ja
n
-9

8

F
e
b
-9

8

M
a
r-

9
8

A
p
r-

9
8

M
a
y-

9
8

Ju
n
-9

8

Ju
l-
9
8

DATE

-0.2

0.0

0.2

0.4

0.6

W
A

T
E

R
L
E

V
E

L
S

,I
N

M
E

T
E

R
S

M E A S U R E D

C O M P U T E D

FIG U R E 11:S E A W A T C O M P U TE D W A TE R LE V E LS &
M E A S U R E D W A TE R LE V E LS A T W E LL G -1251
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FIG U R E 12: S E A W A T C O M P U TE D W A TE R LE V E LS &
M E A S U R E D W A TE R LE V E LS A T W E LL G -3353
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FIG U R E 13: S E A W A T C O M P U TE D W A TE R LE V E LS &
M E A S U R E D W A TE R LE V E LS A T W E LL G -3619

MODELMODEL RESULRESULTS:TS:
CONCENTRACONCENTRATIONSTIONS::

SEASEAWWAATT waswas usedused toto solvesolve thethe coupledcoupled variable-variable-
densitydensity groundwatergroundwater flowflow andand solutesolute transporttransport equationsequations
forfor freshwaterfreshwater equivalentequivalent headsheads andand solutesolute
concentrationsconcentrations inin thethe groundwatergroundwater flowflow model.model. InIn orderorder
toto obtobtainain aa distributiondistribution ofof saltwatersaltwater thatthat isis moremore
representrepresentativeative ofof thethe realreal systemsystem inin thethe studystudy area,area, thethe
modelmodel isis runrun untiluntil thethe concentrationsconcentrations inin thethe aquiferaquifer reachreach
aa quasi-equilibriumquasi-equilibrium ststate.ate. TToo simulatesimulate thisthis inin thethe model,model,
finalfinal concentrationsconcentrations fromfrom eacheach modelmodel runrun werewere usedused asas
initialinitial concentrationsconcentrations forfor eacheach ensuingensuing runrun ofof thethe transienttransient
model,model, whichwhich inin thisthis casecase tooktook 2020 runsruns (5hours(5hours perper run,run, forfor
aa tottotalal runrun timetime ofof 44 days).days). FigureFigure 1414 displaysdisplays thethe resultresultss
ofof thethe aquiferaquifer massmass balancebalance forfor thesethese simulations.simulations. AtAt thethe
endend ofof thethe finalfinal run,run, thethe distributiondistribution ofof concentrationconcentration onon
thethe finalfinal dayday ofof thethe modelmodel periodperiod waswas evaluated.evaluated. TheseThese
resultresultss areare displayeddisplayed inin figuresfigures 15-17.15-17. FigureFigure 15,15, 1616 andand
1717 showshow thethe 0,0, 17.5,17.5, andand 3030 pptppt iso-surfaces,iso-surfaces,
respectivelyrespectively..

FIGURE 14: SEAWAT AQUIFER MASS BALANCE RESULTS
FOR 20 CONSECUTIVE RUNS
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FIGURE 15: SEAWAT SIMULATED CONCENTRATION
ISO-SURFACE 0 PPT

.

FIGURE 16: SEAWAT SIMULATED CONCENTRATION
ISO-SURFACE 17.5 PPT

.

FIGURE 17: SEAWAT SIMULATED CONCENTRATION
ISO-SURFACE 30 PPT

.

MODELMODEL RESULRESULTSTS::

LEAKAGELEAKAGE::

TToo characterizecharacterize surfacesurface water/water/ groundwatergroundwater
leakageleakage inin thethe TTayloraylor SloughSlough area,area, leakageleakage ratesrates
needneed toto bebe evaluatedevaluated inin termsterms ofof temporaltemporal
leakageleakage andand thethe spspatialatial distributiondistribution ofof leakage.leakage.
TTemporalemporal leakageleakage ratesrates forfor thethe modelmodel areare
displayeddisplayed inin figuresfigures 18-23,18-23, whichwhich showshow leakageleakage atat
sixsix selectedselected cells,cells, threethree ofof whichwhich alsoalso contcontainain
groundwatergroundwater wells,wells, thethe locationslocations ofof whichwhich areare
shownshown inin figurefigure 1.1. EachEach plotplot displaysdisplays thethe leakageleakage
raterate (in(in termsterms ofof centimeterscentimeters perper day)day) forfor thethe
durationduration ofof thethe transienttransient modelmodel period.period. FlowFlow intointo
thethe aquiferaquifer inin shownshown inin redred andand flowflow outout ofof thethe
aquiferaquifer isis shownshown inin blue.blue. TheThe spspatialatial distributionsdistributions
ofof thethe leakagesleakages areare shownshown inin figuresfigures 24-26.24-26. TheThe
tottotalal averagedaveraged dailydaily leakageleakage raterate inin thethe modelmodel
areaarea forfor thethe entireentire transienttransient simulationsimulation modelmodel runrun
isis displayeddisplayed inin figurefigure 24.24. TheThe averageaverage dailydaily
leakageleakage raterate perper cellcell waswas calculatedcalculated byby tottotalingaling
dailydaily leakageleakage ratesrates andand dividingdividing thethe tottotalal byby 694694
days.days. TheThe arealareal dailydaily leakageleakage ratesrates shownshown inin
figuresfigures 25-2625-26 werewere calculatedcalculated inin aa similarsimilar mannermanner
exceptexcept thatthat theythey werewere donedone onon aa monthlymonthly basis.basis.
FigureFigure 2525 showsshows thethe averageaverage leakageleakage duringduring thethe
wetwet seasonseason forfor thethe monthmonth ofof June.June. MostMost ofof thethe
leakageleakage isis downwarddownward seepseepageage ofof surfacesurface waterwater
intointo thethe aquiferaquifer.. FigureFigure 2626 displaysdisplays thethe averageaverage
leakageleakage duringduring thethe drydry seasonseason inin thethe monthmonth ofof
November;November; herehere mostmost ofof thethe leakageleakage isis upward,upward,
fromfrom thethe aquiferaquifer toto landland surface.surface.

FIGURE 18: SEAWAT SIMULATED LEAKAGE RATE AT WELL G-1251
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FIGURE 19: SEAWAT SIMULATED LEAKAGE RATE AT WELL G-3353
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FIGURE 20: SEAWAT SIMULATED LEAKAGE RATE AT CELL (R33,C76)
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FIGURE 21: SEAWAT SIMULATED LEAKAGE RATE AT CELL (R38,C44)
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FIGURE 22: SEAWAT SIMULATED LEAKAGE RATE AT CELL (R59,C63)
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FIGURE 23: SEAWAT SIMULATED LEAKAGE RATE AT WELL G-3619
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FIGURE 24: SURFACE WATER/ GROUNDWATER
TOTAL AVERAGE LEAKAGE
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FIGURE 25: SURFACE WATER/ GROUNDWATER AVERAGE LEAKAGE
FOR JUNE 1997
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FIGURE 26: SURFACE WATER/ GROUNDWATER AVERAGE LEAKAGE
FOR NOVEMBER 1996


